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Introduction: Nasal foreign bodies can lead to life-threatening conditions. Hence, it is
a necessity that physicians be well trained in the appropriate procedures for removal of nasal
foreign bodies. However, training on real patients is not only unpractical it is also too
dangerous, due to risk of foreign body aspiration during the procedure. Therefore, our goal
was to construct a manikin, with a specific design, to serve all possible needs for training.
Methods: We developed an in-house manikin from 2 materials; these being flexible poly-
urethane foam and silicone. Silicone, which has elasticity similar to nasal alae, was used to
develop the detachable nose and nasal cavity, whilst polyurethane foam, which is light and
casy to carry, was used to develop the head. The in-house manikin was compared with
a commercial manikin for satisfaction after a nasal foreign body removal procedure was
performed in both groups, by 37 physicians, after conducting a randomized controlled trial
with a crossover design.

Results: The satisfaction scores of the in-house manikin were statistically significantly
higher than the satisfaction scores of the commercial manikin for 6 dimensions: proper
size, ease of use, ease of maintenance, flexibility of nasal alae relative to actual anatomy,
similarity of the nasal cavity relative to actual anatomy and confidence that the manikin can
upskill the medical students ability to practice on real patients (p value < 0.05).
Conclusion: This in-house nasal foreign body removal manikin design had high satisfaction for
training and could be used to develop further nasal foreign body removal manikins in the future.
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Introduction
Foreign bodies in the ear, nose and throat (ENT) accounted for approximately 10% of
emergency ENT conditions observed at an emergency department.! Among all foreign
bodies in ENT, the nasal cavity is a common structure in which up to nearly 50% of
ENT foreign bodies could be found.** The most common location, where nasal foreign
bodies lodge, is between the inferior turbinate and nasal floor.* Generally, most patients
diagnosed with nasal foreign bodies are children under 5 years.” The reasons that
foreign bodies are commonly found in this age group may be related to the fact that they
tend to be inquisitive about their surroundings as well as being more autonomous to
explore their environments.® The typical presentations of nasal foreign bodies are
sneezing and unilateral serous rhinorrhea at the initial stage, with the progression of
unilateral purulent nasal discharge for a few days.’

Although, some complications, including rhinosinusitis, epistaxis, lacerations
and rhinolith formation, could be observed without serious consequences,8 a life-
threatening condition, such as foreign body aspiration, can occur when the foreign
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body is displaced from the nasal cavity into the respiratory
tract: resulting in obstruction that compromises the airway.
Therefore, it is crucial that physicians are capable to
diagnose as well as treat nasal foreign bodies without
causing unnecessary complications. However, minor com-
plications; for instance, lacerations and pain, might
develop at any time while the foreign body is being
removed.” Also, an improper technique for foreign body
removal from the nasal cavity can dislodge the foreign
body from the nose, but completely obstruct the airway,
leading to a life-threatening condition; which should be
always kept in mind.'® It has been reported that these
complications are usually related to repeated attempts dur-
ing nasal foreign body removal.” As a result, it is
a necessity that physicians are well trained in appropriate
procedures for removal of nasal foreign bodies safely and
successfully, with minimal attempts.

To have practical skills for nasal foreign body removal,
adequate training is required; even though two barriers are
encountered. Firstly, as the success rate in the removal is
negatively correlated to the number of attempts,'' the
physician having the most experience is prioritized to
maximize the success rate; in addition to minimizing any
life-threatening condition. Consequently, physicians with
less experience tend to be the least desirable option to
perform such procedures. Additionally, it is highly unli-
kely in said event that any trainers are on hand to take
charge. Secondly, nasal foreign bodies are generally con-
sidered as ENT emergencies; thus, it is not practical to
provide real cases under supervision for trainers during
specific training periods. Although training by placing the
foreign body into a healthy individual’s nasal cavity as
a simulated patient is possible, no one can guarantee that
a serious complication; such as, foreign body aspiration,
would not occur in the simulated patient. Therefore, this
practice would be considered both dangerous and possibly
unethical. To overcome any issues regarding training in
real persons, using a simulated manikin, instead of an
actual or simulated patient, is another option. This also
takes into consideration that the training is able to be held
at any time period, without any issues in concerns to minor
or serious complications. In fact, it has been shown that
simulated manikins are a useful alternative to a simulated
patient, providing a statistically significant increase in
students’ knowledge and confidence prior to exposure to
real patients.'> However, it should be noted that commer-
cial manikins currently available in the marketplace are
somewhat expensive, and do not always serve all of the

actual needs of end users. For instance, in terms of a nasal
foreign body removal manikin, the softness or structures
of a manikin might not be similar to actual human anat-
omy. This is depending on both how well it is designed
and the quality of materials used, which can also substan-
tially increase the cost. Additionally, in foreign body
removal procedures, the manikin’s nasal alae; where the
nasal speculum must be placed to widen the nasal cavity
entrance, can be easily torn due to multiple attempts of
removal during training activities. Once this has occurred,
in order to continue using the simulated manikin, the torn
alar needs immediate repair; by the manufacturer, other-
wise the manikin becomes unsuitable for use in foreign
body removal procedures. Because of this, not only do the
repairs incur added cost, the time spent during mainte-
nance can effect training schedules. Thus, not only using
the manikin becomes costly, but also maintenance down-
times are sometimes an issue to serve the needs of end
users.

Therefore, the aim of this present study was to devise
a low-cost manikin, with a specific design to serve all
possible needs of end users, while still keeping its function
as necessary for training.

Methods

Manikin Development

The in-house manikin prototype was developed with 2
materials; these being flexible polyurethane (PU) foam
and silicone. PU foam, which is light and able to be
carried with ease, was initially created by mixing poly-
ether polyol and isocyanate together, and was used to
construct the head. The silicone, which has elasticity
similar to the nasal alae, was used to develop
a detachable nose and nasal cavity. This in-house man-
ikin was specially designed as having a detachable nose
and nasal cavity, which can be promptly replaced with
spare parts in case it requires immediate maintenance;
for example, when the nasal alar is accidentally torn
after multiple attempts during training. Moreover, the
detachable nose and nasal cavity can be removed as
one piece in order to allow users to completely check
where the foreign body is placed, or to explain the
anatomy of the nose and nasal cavities during training,
feedback to
(Figure 1A). The size of the manikins head was
21x16x18 centimeters (height x width x depth), with

so as to enhance wuseful trainees
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Figure | The in-house manikin (A) and the commercial manikin (B).

its total size, including the base, being 42x20x27.5
centimeters (height x width x depth).

The current commercial manikin (E001, BRILLIANT
RUBBER CO, LTD, Songkhla, Thailand) has a different
design from our in-house manikin. Specifically, this

commercial manikin’s head was manufactured with a half
head, showing the nasal cavity from a medial view. In addi-
tion, only the nasal cavity section can be removed from the
lateral side of this commercial manikin, while the nose is
fixed with the head and cannot be detached (Figure 1B).
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Nasal Foreign Body Removal Test

A randomized controlled trial, with a crossover design
was performed. Thirty-seven participants, including
ENT residents, ENT fellows and ENT surgeons, who
had experience in nasal foreign body removal were
included. The study adhered to the tenets of the
Declaration of Helsinki, in accordance with the princi-
ples of Good Clinical Practice and the Consolidated
Standards of Reporting Trials Statement (CONSORT)
(Figure 2). This trial was registered at the Clinical
Trials.gov (NCT04901026). The study was approved
by the institutional review board.

Participants were allocated into 2 groups, via
a computer-generated randomization in blocks of four,
and a sealed envelope system. The first group of 19 parti-
cipants performed the nasal foreign body removal proce-
dure using the in-house manikin. Later, they performed
exactly the same procedure using the aforementioned com-
mercial manikin. The second group of 18 performed the
same procedure of nasal foreign body removal using the
same commercial manikin first; after which, they per-
formed the same procedure, using the identical steps,
with the in-house manikin. All participants were instructed

to use only a headlight, a nasal speculum and a right-angle

Assessed for Eligibility

(n=39)
Declined to Participate (n = 2)
Randomized
(n=37)

In-house manikin
(n=19)

In-house manikin
(n=18)

Analyzed
(n=18)

Figure 2 Flow diagram.

Commercial manikin
(n=18)

Commercial manikin

(n=19)
Analyzed
(n=19)
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hook to remove a red bead, which was placed at the right
nasal floor between the inferior turbinate and the septum
of both the in-house and commercial manikins.

A questionnaire regarding the satisfaction in using
both manikins, with a 5-point Likert scale (1-very unsa-
tisfied to 5-very satisfied), was used to interview all
participants promptly after the procedures were finished.
The questionnaire included 9 dimensions, consisting of:
proper size, proper weight, ease of use (the ease in which
a foreign body could be inserted), ease of cleaning, ease
of maintenance, flexibility of the nasal alae relative to
actual anatomy, similarity of the nasal cavity relative to
actual anatomy, whether it was well designed for teach-
ing, and confidence that the manikin can upskill medical
students ability to practice on a real patient. All of these
dimensions were explained by the first author before the
participants performed the procedure to ensure that they
understood and responded to the questions correctly;
additionally, any queries raised before, during or after
the procedure were instantly answered by the first author.

Statistical Analysis

A Wilcoxon signed-rank test was used to compare the
satisfaction scores between the in-house and commercial
manikin. A P value lower than 0.05 was considered as
statistically significant.

Simple and multiple linear regression were used to
assess which variables were independently associated,
with a total satisfaction score difference between the in-
house and commercial manikins. Baseline characteristics,
including medical specialty, age, gender, time experience
as a general physician or an ENT specialist, were assigned
as independent variables. The total satisfaction score dif-
ference between the in-house and commercial manikins
was assigned as a dependent variable. This total satisfac-
tion score difference was calculated from a different value
of score summations in each dimension between the in-
house and commercial manikins. The Shapiro-Wilk test
was used to test the normality of the dependent variables.
In the simple regression analysis, a threshold of a p value
less than 0.1 was used to identify candidates for inclusion
in the multiple linear regression.

The R software version 3.1.0 (R Foundation, Vienna,
Austria) was used for the statistical analysis.

Results
Finally, there were 15 ENT surgeons, 2 ENT fellows and
20 ENT residents, aged between 24 and 57 years included

Table | Demographic Data of Study Participants (N=37)

Baseline characteristic

Age in years (median) 30

Gender N (%)
Female 17 (46)
Male 20 (54)

Medical specialty N (%)
ENT resident 20 (54)
ENT fellow 2 (5.5)
ENT surgeon 15 (40.5)

Medical experience in years (Ql, median, Q3)
MD 3,6 14
ENT 0,07

Abbreviations: MD, medicine; ENT, ear, nose and throat.

in the study. Table 1 shows the summary of demographic
data of all participants.

A Wilcoxon signed-rank test showed that the satisfac-
tion scores of the in-house manikin were statistically, sig-
nificantly higher than the satisfaction scores of the
commercial manikin for 6 dimensions: proper size, ease
of use, ease of maintenance, flexibility of nasal alae rela-
tive to actual anatomy, similarity of the nasal cavity rela-
tive to actual anatomy and confidence that the manikin can
upskill medical students ability to practice on a real
patient. On the other hand, the satisfaction scores of the in-
house manikin were not statistically, significantly different
from the satisfaction scores of the commercial manikin for
3 dimensions: proper weight, ease of cleaning and well
designed for teaching (Table 2).

Simple linear regression showed that none of the vari-
ables, including medical specialty, age, gender, time
experience as a general physician or an ENT specialist,
were independently associated with the total satisfaction
score differences between the in-house and commercial
manikins (Table 3). As p values, among these independent
variables, were all over 0.1, multiple linear regression was
not further analyzed.

Discussion

As nasal foreign bodies can lead to life-threatening condi-
tions known as foreign body aspiration, adequate training for
nasal foreign body removal techniques is required to ensure
success in their removal; with minimal attempts in actual
patients. Although training in real or simulated patients is
not practical and too dangerous, due to a risk of the foreign
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Table 2 A Wilcoxon Signed-Rank Test to Assess the Satisfactions Scores of the In-House and Commercial Manikins

Dimension The In-House Manikin The Commercial Manikin z p value
Median (QI, Q3) Median (QI, Q3)

Proper size 44, 5) 43,4 —3.840 <0.001
Proper weight 44, 5) 44, 5) —0.832 0.405
The ease of use 54,5) 4 (3, 4) —3.882 <0.001
The ease of cleaning 4 (4,5) 4(3,5) —0.593 0.553
The ease of maintenance 54,5) 33,4 —4513 <0.001
The flexibility of nasal alae 4 (4, 5) 33,4 —4.158 <0.001
Similarity of the nasal cavity 4 (4,5) 33,4 —4.092 <0.001
A well design for teaching 44, 5) 44 4 -1.209 0.227
Confidence that the manikin can 4 (4, 5) 4 (3, 4) —2.855 0.004
upskill medical students

Table 3 Simple Linear Regression of Variables Associated with the Total Satisfaction Score Difference Between the

Commercial Manikins

In-House and

Variable Coefficient Standard Error Beta t p value
Age 0.664 0.668 0.176 0.994 0.328
Gender 0.157 0.111 0.246 1.413 0.168
Medical specialty —-1.099 1.787 —0.11 —0.615 0.543
Medical experience as GP in years 0.116 0.119 0.172 0.975 0.337
Medical experience as ENT in years 0.106 0.126 0.15 0.847 0.403

Abbreviations: GP, general physician; ENT, ear, nose and throat.

body aspiration during the procedure, it has been shown that
using a simulated manikin is able to enhance the learning
experience of students, and prepare them to practice on real
patients with increased knowledge and confidence."

While available commercial manikins for nasal foreign
body removal sometimes do not serve all end user’s needs,
our study showed that an in-house manikin could be devised
with high satisfaction scores. The satisfaction scores for the
in-house manikin were statistically significantly higher than
those of the commercial manikin in a number of dimensions,
including proper size, ease of use, ease of maintenance,
flexibility of the nasal alae relative to actual anatomy, simi-
larity of the nasal cavity relative to actual anatomy and
confidence that the manikin can up-skill the medical stu-
dents ability to practice on a real patient.

Specifically, the size of the manikin and flexibility of the
nasal alae were designed with PU foam and silicone to ensure
that it is similar to actual anatomy as much as possible.
Furthermore, the particular design of the detachable nose
and nasal cavity allowed users to replace these components
at any time, if they were torn during training. These factors
made the in-house manikin easy to use and for the perfor-
mance of quick maintenance. However, the limitation of this
product was that the head of the manikin was constructed

from PU foam. Although PU foam has the benefits of being
lighter and is lower in cost than silicone, silicon is more
durable than PU foam. Therefore, if durability is of more
concern than weight and production cost, future development
of a whole manikin could be constructed out of silicone.

It should be noted that the satisfaction scores of some
dimensions for the in-house manikin were not statistically
significantly different from those with the commercial
manikin, for example, to enhance useful feedback, regard-
ing anatomy, and the procedures of the trainers. Nor, did
the special design of the detachable nose and nasal cavity
of the in-house manikin make the satisfaction scores in the
dimension of being well designed for teaching statistically
significantly differ from those in the commercial manikin;
in which, its nasal cavity section could be also removed
from the lateral side. Additionally, the satisfaction scores
of both dimensions of proper weight and ease of cleaning
for the in-house manikin were not statistically significantly
different from those of the commercial manikin. This
means the weight of both manikins was not too light,
leading to the manikins being displaced further away dur-
ing the procedure, or not too heavy making the manikins
difficult to carry. In addition, both manikins had surfaces
which were easy to clean; without grooves or corners
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which can raise cleaning issues. However, based on the
simple linear regression to evaluate variables, which might
be associated with the satisfaction scores of the manikins,
the total satisfaction score difference between both mani-
kins was calculated. We found that no factors, including
medical specialty, age, gender, time experience as
a general physician or an ENT specialist, could be asso-
ciated with this difference, that is to say, various special-
ties, age, gender and time experience did not equate to the
in-house manikin having higher scores than those of the
commercial manikin.

There were some limitations of this study. First, only
a commercial manikin from a single company, which was
available in our medical center, was used to compare with
the in-house manikin. Obtaining more commercial mani-
kins, from various companies could provide more infor-
mation regarding advantages and disadvantages between
the in-house and other commercial manikins. Second, the
participants may have known that the in-house manikins
were developed by our institute, so they might have had
some bias in evaluation of the satisfaction of each mani-
kin. However, the authors tried to limit this bias by did not
influencing the participants prior to the study, and all
participants had never seen the in-house model before

the study commenced.

Conclusion
This newly designed in-house nasal foreign body removal
manikin had high satisfaction for training, and could be
used to develop further nasal foreign body removal man-
ikins in the future.
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